We describe the prevalence of colonization with group B Streptococcus species in a random sample of otherwise healthy male and nonpregnant female college students. Colonization with group B Streptococcus species occurs at a high frequency among healthy students, and there was a suggestion that it is associated with having engaged in sexual activity, tampon use, milk consumption, and hand washing done р4 times per day. However, larger studies are needed to verify these findings.
Group B Streptococcus species (GBS) causes sepsis and meningitis in neonates and young infants, and it causes other serious infections, such as bacteremia and cellulitis, in nonpregnant adults with underlying medical conditions [1] . GBS is transmitted vertically to the newborn during labor and delivery [1] . Among nonpregnant adults, transmission occurs via direct contact; some studies suggest that sexual transmission occurs [2] .
Although the incidence and clinical manifestations of invasive disease are well described, little is known about the natural history of GBS colonization. Although the incidence of early-onset GBS disease in neonates is decreasing because of the widespread use of intrapartum antibiotic prophylaxis [3] , the incidence inviting them to participate. All GBS-positive participants ( ) and a random sample of GBS-negative participants n p 49 ( ) were invited to return for another visit 4-7 weeks n p 49 after the initial visit; the follow-up protocol was identical to that of the enrollment. Participants who completed each protocol received a monetary incentive.
Informed consent was obtained from all of the participants in this study, and clinical research was conducted in accordance with the guidelines for experimentation with humans, as specified by the University of Michigan Human Subjects Review Committee.
After we obtained written informed consent, participants completed a self-administered questionnaire describing their sociodemographic characteristics, medical and sexual histories, and health behaviors. All participants self-collected initial-void urine and anal orifice specimens, and women collected vaginal specimens with a tampon.
GBS isolation.
Urine specimens were inoculated onto trypticase soy agar with 5% sheep blood (Baltimore Biological Labs [BBL]). Anal specimens were obtained by use of the Culture Swab Plus Collection System (BBL) with Amies transport media until inoculation in selective broth media (BBL) containing gentamicin and nalidixic acid. After overnight incubation in selective broth media, anal swabs and tampons were then inoculated onto trypticase soy agar with 5% sheep blood and incubated overnight at 37ЊC with CO 2 . Colonies typical of GBS were confirmed serologically with the Slidex Strepto B kit (bioMérieux Vitek).
Pulsed-field gel electrophoresis (PFGE). PFGE was performed on all GBS isolates to compare isolates from a single individual obtained at enrollment with those obtained at follow-up. GBS DNA was isolated, digested with SmaI, and electrophoresed for 18 h (initial switch time, 4 s; final switch time, 16 s) with a CHEF III apparatus (Bio-Rad), as described elsewhere [5] . PFGE banding patterns from isolates collected within an individual were considered identical if the strains differed by no more than 1 band.
Serotyping. Serotyping with hyperimmune rabbit antisera to GBS capsular polysaccharide types Ia, Ib, II, III, IV, V, VI, VII, and VIII and to the C protein antigen was performed by use of the Lancefield capillary precipitin method [6] , but only for unique GBS isolates recovered from each person (as determined by PFGE), because isolates with identical PFGE patterns have the same serotypes [7] . Some isolates that had been identified as nontypeable were determined by PFGE to be identical to a different serotype within a person. Three of 12 strains identified as nontypeable were designated as serotype V by means of these criteria [8] .
Data analysis. We describe the frequency of, and risk factors for, GBS colonization by descriptive statistics (i.e., mean values, proportions, cross tabulations). We tested for an association with GBS colonization and sociodemographic, medical, and behavioral factors by x 2 tests, and we conducted a thorough stratified analysis. We calculated summary and strataspecific ORs and their exact 95% CIs. We fit a logistic regression model to simultaneously adjust for factors associated with GBS colonization and estimated adjusted ORs and 95% CIs. We tested for hand washing effects both as a categorical and continuous variable. SAMPSIZE (Centers for Diseases Control and Prevention) was used for power calculations [9] .
RESULTS
Of the 289 students contacted, 82 (56%) of 147 women and 68 (48%) of 142 men completed enrollment. GBS was isolated from у1 site in 28 women (34%) and 21 men (31%). At enrollment, 12 (35%) of 49 GBS-colonized participants were colonized at 11 site. Of these 49 patients, 43 (88%) had anal and 13 (27%) had urinary colonization at enrollment; 16 (57%) of the 28 women had vaginal colonization at enrollment. Serotypes III and V predominated (figure 1).
Forty-five women and 38 men returned for a follow-up visit. Two participants acquired (7-week incidence, 6%) and 4 participants (7-week incidence, 8%) no longer carried GBS. Thirtysix students (73%) were persistently colonized with GBS at the same site (at enrollment and follow-up). By PFGE analysis, 17 (100%) of the participants who were colonized at 11 site at enrollment were colonized with the identical GBS strain (figure 2). At follow-up, 36 (95%) of the 38 persistently colonized participants had the identical GBS strain isolated at follow-up, and 3 students (8%) carried a genetically distinct GBS strain. The prevalence of antibiotic resistance among these isolates has been described elsewhere [5] .
Men and women were equally likely to be colonized (OR for women, 1.2; 95% CI, 0.58-2.31). Associations are presented separately according to sex, but there were no statistically significantly different associations by sex. There was a slight-but not statistically significant-decrease in GBS colonization with age and a trend of lower colonization rates in nonwhite subjects (table 1) . Ever engaging in sexual activity, tampon use, and infrequent hand washing were most strongly associated with GBS colonization, although only tampon use was statistically significant. Frequency of hand washing before eating, after urinating, or after a bowel movement was not associated with colonization, although the small sample size may have limited our ability to detect such an association. There was no association with self-reported history of vaginal yeast infection, urinary tract infection, recent antibiotic use, or circumcision. Persons who drink milk were 3 times more likely to be colonized with GBS than were persons who did not drink milk, although this was not statistically significant. An association also was found with cheese consumption, but not with yogurt consumption; however, neither was statistically significant. Eating out and meat, fruit, and vegetable consumption were not associated with GBS colonization.
Although GBS colonization was associated with sexual activity, no statistically significant associations were found with lifetime number of partners, number of partners within the past year, timing of most recent sexual encounter, age at first encounter, type of sexual contact, method of contraception, or history of sexually transmitted diseases (tables 1 and 2).
The point estimates from the logistic regression model were similar to the crude estimates for sexual activity, hand washing, and milk consumption, but none were statistically significant (table 3) . Hand washing done 0-4 times per day, when compared with hand washing done у7.5 times per day, however, approached statistical significance for GBS colonization at any site when considered as a categorical variable, and the point estimates for rectal colonization were similar. When hand washing was included as a continuous variable, the Wald statistic testing for trend was significant for colonization at any site ( ), but it was only marginally significant for rectal col-P p .03 onization (
). The association with tampon use was P p .10 much smaller after adjustment and was not considered statistically significant.
DISCUSSION
Among these randomly sampled, healthy college students, onethird of the men and women carried GBS at у1 site. This is a high rate of colonization, perhaps reflecting our use of selective broth media and multiple body site sampling, both of which increase the rate of detection [10] ; a true increase in prevalence over time; or both. Even so, it may be an underestimation, because the anal orifice, rather than rectum, was sampled. These results indicate that GBS carriage occurs at a high frequency in healthy people and that the opportunity for transmission to persons at high risk of infection, including neonates, pregnant women, adults with underlying medial conditions, and elderly persons, is likely.
The serotype distribution of GBS was similar to that found among patients with invasive infections [4] . Although our study population was asymptomatically colonized with GBS, these strains have the potential to cause GBS disease should, for example, the individual become pregnant. The high frequency of nontypeable strains may relate to the small number tested, poor capsule production, or both [8, 11] .
Almost all students (95%) who had been colonized at en- rollment and at the 4-7 week follow-up carried the identical GBS strain (as determined by PFGE) at follow-up. However, the turnover rate was relatively high during this short interval: 6% acquired and 8% lost GBS. Further studies are needed to estimate the precise duration of colonization. The small sample size of this study decreased our ability to detect associations, even with the large point estimates that were observed. Several interesting, biologically plausible associations were identified that were not statistically significant. For example, GBS previously has been associated with sexual activity [12] ; however, our power to detect the observed OR of 2.7, given the prevalence of exposure, was only 50%. Our power to detect other observed associations was !50%. Nonetheless, the associations with several factors are worth noting.
GBS has been transmitted via person-to-person direct contact in hospitals [13] ; thus, an association between GBS colonization and hand washing in the general population seems likely. The crude association of tampon use with GBS (OR, 5.7) was statistically significant, but the sample size was too small to effectively control for confounding variables and to maintain statistical significance. Because tampon use is associated with colonization with other gram-positive organisms, particularly Staphylococcus aureus, it is possible that tampons facilitate GBS carriage.
Another limitation of this study is the cross-sectional study design. We could not determine whether the factors identified were associated with acquisition or duration of carriage. Larger, prospective studies with multiple data collection points are required to determine whether these biologically plausible and potentially important risk factors are real.
